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(54)  Method  and  device  to  check  the  suspensions  of  a  motor  vehicle 

(57)  The  invention  concerns  a  method  to  check  the 
suspensions  of  a  motorvehicle,  according  to  which:  the 
motorvehicle  (1)  is  positioned  with  its  wheels  (5,  6) 
bearing  onto  vibrating  ramps  (3,  4)  of  an  oscillating 
loading  platform  (2);  an  accelerometer  (7)  is  applied 
onto  one  or  onto  each  of  the  motorvehicle  wheels,  to 
measure  directly  the  accelerations  undergone  by  said 
wheels;  oscillations  are  imparted  on  said  vibrating 
ramps  (3,  4)  and/or  on  said  platform  (2),  with  a  fre- 
quency  varying  from  3  to  25  Hz;  and  the  acceleration 
signal  (8)  issued  from  said  accelerometer  (7)  is  proc- 
essed  into  a  computer  to  give  an  indication  of  the  condi- 
tions  of  the  suspensions. 

Said  method  is  carried  out  with  a  device  compris- 
ing,  in  combination  with  an  oscillating  loading  platform 
(2)  equipped  with  vibrating  ramps  (3,  4),  onto  which  the 
motorvehicle  (1)  bears  with  its  wheels  (5,  6),  an  acceler- 
ometer  (7)  applied  on  one  or  on  each  of  the  motorvehi- 
cle  wheels,  and  a  computer  apt  to  read  the  signal  (8) 
issued  from  said  accelerometer  (7),  process  the  same 
and  convert  it  into  a  readable  form. 
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Description 

The  present  invention  concerns  a  method  to  check 
the  suspensions  of  a  motorvehicle,  of  the  type  providing 
for  oscillations  to  be  imparted  on  the  wheels,  and  a  s 
device  to  carry  out  said  method. 

It  is  most  important  for  the  suspensions  of  a  motor- 
vehicle  to  be  efficient,  for  reasons  of  comfort  as  well  as 
of  safety.  Consequently,  in  reckoning  the  proper  working 
of  the  suspensions  of  a  motorvehicle,  one  should  simul-  to 
taneously  take  into  account  these  two  parameters 
(comfortable  driving,  also  on  an  uneven  road  surface, 
and  adherence  to  the  ground  in  any  driving  conditions). 

These  two  conditions  are  reached  mainly  through 
the  shock  absorbers  -  forming  part  of  the  suspensions  -  15 
which  absorb  part  of  the  energy  stored  up  in  the  elastic 
elements  of  the  suspensions  and  dissipate  it,  so  as  to 
prevent  the  undamped  oscillations  of  the  suspensions 
from  causing  the  parting  of  the  wheel  from  the  ground 
and  giving  rise  to  troublesome  bounces  of  the  vehicle.  20 

The  methods  now  adopted  to  check  the  efficiency 
of  said  damping  and  the  amount  of  energy  absorbed, 
consist  in  measuring  the  response  to  oscillations  being 
imparted  on  the  motorvehicle,  or  on  parts  thereof.  The 
methods  are  fundamentally  of  two  types:  those  impart-  25 
ing  oscillations  on  the  motorvehicle,  and  those  impart- 
ing  oscillations  on  the  single  wheels.  To  reduce  the 
amount  of  energy  applied  in  order  to  obtain  an  oscilla- 
tion,  one  usually  operates  at  an  oscillation  frequency 
close  to  the  resonance  frequency  which,  due  to  the  con-  30 
siderable  mass  of  the  motorvehicles,  is  on  an  average 
not  too  high  for  example  of  the  order  of  a  few  cycles  per 
second.  Said  frequency  rises  to  values  of  about  10-20 
cycles  per  second  for  the  oscillations  imparted  on  the 
wheels.  35 

A  method  belonging  to  the  first  aforementioned 
type  involves  loading  the  suspensions  of  the  motorvehi- 
cle  by  pressing  onto  its  body,  and  then  suddenly  unload- 
ing  them,  in  a  uniform  manner,  and  measure  the 
number  of  oscillations  produced.  There  are  methods  40 
which,  starting  from  a  signal  issued  by  a  "load"  sensor, 
allow  to  obtain  the  acceleration  curve  in  respect  of  time, 
so  as  to  supply  a  partially  quantitative  rating.  Methods  of 
this  type  are  known  from  DE-G-94  14  747  and  DE-A1- 
27  43  272.  45 

A  drawback  of  the  methods  of  this  first  type  is  that 
they  allow  to  measure  only  the  behaviour  of  the  single 
suspension  -  or  rather  of  the  single  shock  absorber  -  in 
a  roughly  quantitative  way,  but  do  not  allow  to  obtain  a 
qualitative  measurement  of  the  overall  response  of  the  so 
suspensions  of  the  motorvehicle. 

The  methods  of  the  second  type  allow  instead  to 
separately  measure  the  behaviour  of  each  one  of  the 
wheels,  since  the  action  imparted  on  a  wheel  is  dis- 
joined  from  the  actions  imparted  on  the  other  wheels,  ss 
thanks  to  the  high  frequency  of  oscillations  produced. 

Among  the  known  methods  of  this  second  type,  the 
one  called  EUSAMA  is  particularly  effective.  According 
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to  this  method,  the  efficiency  of  the  suspensions  of  a 
motorvehicle  is  determined,  always  starting  from  sig- 
nals  issued  by  load  sensors,  merely  on  the  basis  of 
safety  parameters,  by  trying  to  always  identify  the  hard- 
est  conditions  of  use  and  setting  a  limit  below  the  adher- 
ence  thus  measured. 

The  object  of  the  present  invention  is  to  propose  a 
method  apt  to  measure  the  efficiency  of  a  suspension 
system,  on  the  basis  both  of  safety  and  of  comfort 
parameters,  by  combining  the  advantages  of  the  two 
types  of  known  methods.  Such  an  object  is  fully  reached 
by  the  present  invention  thanks  to  the  characteristics 
described  in  claims  1  and  5. 

The  present  invention  will  now  be  described  in  fur- 
ther  detail,  with  reference  to  the  accompanying  draw- 
ings,  in  which: 

Fig.  1  is  a  front  view  of  a  motorvehicle  mounted  on 
an  oscillating  loading  platform,  comprising  an 
accelerometer  fixed  onto  one  of  its  wheels,  to  allow 
applying  the  method  according  to  the  present 
invention;  and 
Fig.  2  is  a  lateral  view  of  the  same  motorvehicle 
shown  in  fig.  1  . 

The  motorvehicle  1  (a  motorcar  in  the  examples 
shown)  is  lifted  to  rest  onto  an  oscillating  loading  plat- 
form  2.  Such  platforms  are  built  and  sold  specially  for 
checking  the  suspensions  of  motorvehicles.  An  exam- 
ple  of  said  platforms  are  the  ST  or  STR  platforms  pro- 
duced  and  sold  by  the  Applicant.  The  platform  2 
comprises,  in  known  manner,  vibrating  ramps  3,  4,  onto 
which  bear  the  wheels  5,  6,  of  the  motorvehicle  1  ;  as 
many  ramps  can  be  positioned  in  correspondence  of 
the  rear  wheels  of  the  vehicle. 

According  to  the  invention,  an  accelerometer  7  is 
fixed  onto  each  of  the  wheels  5,  6,  issuing  a  signal  8  to 
the  reading  system.  The  reading  system  consists  of  a 
computer  equipped  with  a  suitable  processing  program 
which  allows  to  obtain  the  desired  parameters  on  the 
conditions  of  the  suspensions,  starting  from  the  acceler- 
ation  values. 

When  wishing  to  apply  the  method  of  the  present 
invention  to  check  the  suspensions  of  a  motorvehicle  1  , 
an  oscillation  is  imparted  on  its  wheels  5,  6,  thanks  to 
the  action  of  the  vibrating  ramps  3,  4.  Such  ramps  are 
apt  to  vibrate  with  a  frequency  which  can  be  varied  from 
3  to  25  Hz,  namely  in  the  range  -  as  already  mentioned 
in  the  introduction  -  of  the  resonance  frequency  of  the 
unit  formed  by  the  wheels  and  by  the  movable  part  of 
the  respective  suspensions  of  the  motorvehicle,  and 
high  enough  to  disjoin  the  movements  of  one  wheel 
from  those  of  the  other  wheels. 

The  oscillations  imparted  on  the  wheels  5,  6,  by  the 
ramps  3,  4,  cause  an  acceleration  on  said  wheels, 
whose  value  is  detected  by  the  accelerometers  7  as  an 
electric  signal.  Said  signal,  issued  from  the  output  8,  is 
sent  for  example  to  a  computer  which,  to  start  with,  con- 
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verts  the  acceleration  signal  into  a  readable  form.  From 
the  value  of  the  acceleration  signal  it  is  possible  - 
through  a  suitable  processing  program,  not  forming  part 
of  the  present  invention  -  to  obtain  the  parameters 
allowing  to  check  the  conditions  of  the  suspensions. 

Hereinafter,  an  example  is  given  on  how  to  meas- 
ure  said  parameters.  The  dynamic  function  of  the  sys- 
tem  comprising  the  motorvehicle  1  and  the  vibrating 
ramps  3,  4,  can  be  expressed  with  the  following  differen- 
tial  equation: 

(02x/0t2)m  : k.,x  +  k2  (x-xp)  -  a(6x/0t) 

10 

The  results  obtained  can  then  be  combined  into  a 
single  equation,  fully  independent  from  the  value  of  k2: 

Claims 

/(1  +  (aco2)' 
m2co 4  2 

1  +(3(0!) 

Method  to  check  the  suspensions  of  a  motorvehi- 
cle,  characterized  in  that, 

wherein: 

m  is  the  suspended  mass  expressed  in  kg; 
k-|  is  the  elastic  constant  of  the  tested  suspensions 
expressed  in  N/m; 
k2  is  the  elastic  constant  of  the  tyre  expressed  in 
N/m; 
a  is  the  damping  coefficient  of  the  suspensions 
expressed  in  Ns/m; 
x  is  the  displacement  of  the  suspended  system 
expressed  in  m;  and 
xp  is  the  displacement  of  the  oscillating  platform 
expressed  in  m. 

The  equation  can  be  solved  by  putting  the  imparted 
oscillations  in  the  form  exp(i  cot+<|>)  ,  and  the  displace- 
ment  x  in  the  form  A*exp(i  cot);  one  thereby  obtains: 

sin(fy) aAgy 
k0 

and: 

2  2  2 mco  +  k2)  +  (aco) 

I  2  4  "  72 co  -|  +(aa>i) 

It  is  then  possible  to  impart  low  frequency  oscilla- 
tions,  thereby  obtaining: 

Jk^  2  +  (aco2)' 
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40 
If  k2  is  very  high,  then  A*  is  very  close  to  the  unit,  so 

as  to  stop  from  clearly  distinguishing  between  tyre  and 
suspensions,  seen  that  the  phase  proves  to  depend 
from  a  and  from  k2.  Whereas,  if  k2  «  k1  ,  then  the  phase 
proves  to  depend  from  k,  ,  k2  and  a.  It  is  then  sufficient  45 
to  impart  a  high  oscillation  frequency,  such  that 
co2  »  (k1  +  k2)  ,  in  order  to  obtain: 

50 

55 

said  motorvehicle  (1)  is  positioned  with  its 
wheels  (5,  6)  bearing  onto  vibrating  ramps  (3, 
4)  of  an  oscillating  loading  platform  (2); 
an  instrument  (7)  is  applied  onto  at  least  one  of 
the  motorvehicle  wheels,  to  measure  directly 
the  accelerations  undergone  by  said  wheel; 
oscillations  are  imparted  on  said  vibrating 
ramps  (3,  4)  and/or  on  said  platform  (2),  with  a 
frequency  varying  from  3  to  25  Hz;  and 
the  acceleration  signal  (8)  issued  from  said 
instrument  (7)  is  used  to  indicate  the  conditions 
of  the  suspension. 

Method  as  in  claim  1),  wherein  said  instrument  (7) 
is  an  accelerometer. 

Method  as  in  claim  2),  wherein  said  instrument  (7) 
is  applied  onto  each  one  of  the  motorvehicle 
wheels. 

Method  as  in  any  one  of  the  previous  claims,  com- 
prising  moreover  an  electronic  processing  step,  to 
process  the  signals  (8)  issued  from  said  instru- 
ments  (7)  measuring  the  accelerations. 

Device  to  check  the  suspensions  of  a  motorvehicle 
(1),  characterized  in  that  it  comprises  an  oscillating 
loading  platform  (2)  equipped  with  vibrating  means, 
onto  which  said  motorvehicle  (1)  bears  with  its 
wheels  (5,  6),  and  an  instrument  (7)  to  measure  the 
accelerations,  applied  onto  at  least  one  of  the 
motorvehicle  wheels. 

Device  as  in  claim  5),  characterized  in  that  said 
vibrating  means  consist  of  vibrating  ramps  (3,  4) 
onto  which  bear  at  least  some  of  the  motorvehicle 
wheels  (5,  6). 

Device  as  in  claim  5),  characterized  in  that  said 
measuring  instrument  (7)  is  an  accelerometer,  fixed 
to  at  least  one  of  the  motorvehicle  wheels  (5,  6). 

Device  as  in  claim  5),  characterized  in  that  said 
measuring  instrument  (7)  is  an  accelerometer,  fixed 
to  each  one  of  the  motorvehicle  wheels  (5,  6). 
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9.  Device  as  in  claim  5),  6)  or  7),  characterized  in  that 
it  moreover  comprises  a  computer  apt  to  read, 
process  and  convert  into  a  readable  form  the  sig- 
nals  (8)  issued  from  said  measuring  instrument  or 
instruments  (7). 
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